Introduction
Intracranial schwannomas arise mostly from the vestibular nerve. Nonvestibular schwannomas are rare, and trochlear schwannomas are extremely rare. Only 32 surgically resected cases are reported in the literature.
1,2 Another 11 cases treated with Gamma Knife were found in our search, none of them are histologically confirmed. [3] [4] [5] [6] [7] [8] We present a case of histologically confirmed trochlear schwannoma followed by Gamma Knife surgery.
Case Report
A 52-year-old man without a remarkable medical history or neurofibromatosis had diplopia for 2 years. One month prior to his visit to our hospital, he experienced gait disturbance and sensory disturbance on the left side. Neurologic examinations revealed moderate right trochlear nerve palsy, slight left hemiparesis, a sensory disturbance on the left side of the body, left cerebellar ataxia, and truncal ataxia. Magnetic resonance imaging (MRI) disclosed a cystic tumor locating at the right ambient and prepontine cisterns, compressing the cerebral peduncle and the pons (►Fig. 1). On a heavy T2-weighted image, a clear margin was noted between the tumor and the brainstem, indicating the mass was located extra-axially (►Fig. 1d). This MR finding was also supported by tractography showing that the pyramidal tract was markedly compressed and displaced, but its continuity was maintained (►Fig. 2a). Angiograms showed no tumor stain. Because his clinical symptoms started with trochlear palsy, the most probable diagnosis was trochlear nerve schwannoma. We initially intended to achieve subtotal resection via a subtemporal approach. However, it was difficult to remove the lower part of the tumor, and compression on the pons remained on the postoperative imaging. Then we performed a second operation via the retrosigmoid approach to remove the lower part of the tumor (►Fig. 2b). Intraoperative findings indicated the tumor originated from the trochlear nerve in the ambient cistern (►Fig. 3). The excision was limited to the cysts and subtotal removal of the solid portion of the tumor. Although it was difficult to predict the functional prognosis of the impaired trochlear nerve by only an intraoperative finding, a small piece of tumor between the trochlear and the Keywords ► trochlear nerve ► schwannoma ► Gamma Knife ► radiosurgery
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Trochlear nerve schwannomas are extremely rare. We present a surgically excised case of trochlear nerve schwannoma followed by Gamma Knife (ELEKTA, Stockholm, Sweden) after histologic confirmation. A 52-year-old man presented with diplopia, gait disturbance, and sensory disturbance. Magnetic resonance imaging demonstrated a large cystic mass at ambient cistern on the right side. Subtotal excision followed by Gamma Knife surgery was undertaken. His neurologic symptoms disappeared with radiologic reduction in size at 15-month follow-up. Because Gamma Knife can manage trochlear nerve schwannomas well, surgical excision should be reserved for large ones and limited to subcapsular or subtotal removal with the expectation of possible recovery of neurologic dysfunction. oculomotor nerves was left untouched to avoid further worsening of diplopia. We expected shrinkage of the remnant tumor by Gamma Knife would help improvement of his impaired nerve function. The histologic examination confirmed schwannoma (►Fig. 4).
Gamma Knife was applied to the residual tumor 3 months after the operation. The marginal dose was 12 Gy at 50% isodose line on the residual tumor volume of 0.263cm 3 , $ 8 mm average diameter (►Fig. 5a). The patient was followed up every 6 months thereafter. Diplopia subsided 6 months after resection. At the last visit, 12 months after Gamma Knife, the tumor was markedly reduced in size with decreased contrast enhancement (►Fig. 5b).
Discussion
Although there are many reports on the effectiveness of stereotactic radiosurgery for vestibular schwannomas, there are only a few for nonvestibular schwannomas. clinical course of two cases of trochlear nerve schwannoma treated with Gamma Knife. One patient treated with 14 Gy at 70% isodose line showed good recovery from diplopia within a few months after treatment as well as a reduction in size 2 years after Gamma Knife. Therefore Gamma Knife surgery could contribute to manage relatively small trochlear nerve schwannomas with possible improvement of diplopia. In the present case, we also observed tumor shrinkage within 1 year after Gamma Knife surgery. This response is better than for vestibular schwannomas.
Only 32 cases of surgical excision of trochlear nerve schwannomas were reported from 1976 to 2014.
1,2 Surgical resection was undertaken via subtemporal, retrosigmoid, anterior or posterior transpetrosal, or pterional approaches depending on tumor locations. 1,2,9-15 However, morbidity associated with surgical resection can be substantial due to the fourth nerve injury. Only one patient showed improvement of diplopia after subtotal excision. 15 Most of the patients developed permanent and complete fourth cranial nerve palsy postoperatively, suggesting it is very difficult to remove these tumors without compromising cranial nerve function. Trochlear nerve schwannomas may present as large cystic tumors with a small solid portion. 9,10,14 Such cystic tumors can extend from the ambient cistern into the interpeduncular cistern as well as inferiorly into the upper part of the cerebellopontine cistern. In case the tumor shows mass effect by compressing the neighboring structures, surgical excision should be recommended. In our case, because the tumor showed progressive mass effect, the patient underwent immediate resection. Fortunately, his diplopia subsided in 6 months after the operation, and the residual tumor was successfully controlled by Gamma Knife. Elmalem et al reported 30 cases of presumed trochlear nerve schwannoma. 4 They found no significant changes in size in the patients without intervention during the mean follow-up period of 3.1 years. Of these, only three patients received surgical excision or Gamma Knife radiosurgery during the follow-up period. They concluded patients with isolated fourth nerve palsy and small lesions on the fourth nerve have a good prognosis and should be followed with serial MRI scans without neurosurgical intervention unless they develop signs of brainstem compression. Feinberg et al 16 reported six cases of trochlear nerve schwannoma, > 5 mm in greatest diameter, of 221 patients with trochlear nerve palsy. Five of these patients remained stable during the mean follow-up period of 15.6 months. None of these patients have developed additional symptom of neurologic involvement. They concluded the patients with small trochlear nerve schwannomas may not require neurosurgical intervention. From our result and literature review of trochlear nerve schwannomas, surgical excision would be better limited to large ones with mass effect; small tumors have a good prognosis without intervention. Surgical resection should be limited to subtotal or subcapsular decompression because Gamma Knife surgery is effective for the remnant tumor, and improvement of diplopia can be expected.
Patient Consent
The patient consented to the discussion of the case report for submission to the journal.
